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INTRODUCTION 

The present paper consists of six parts. Part I is a brief 
sketch of the men and writings that have been prominent in 
the advancement of our knowledge of the Tubinares. Part II 
treats of the geographic distribution of the group. Numer- 
ous distribution areas are recognized. Part III has a wider 
scope. The causes of bird migration are considered from the 
view point of the migratory movements of the Tubinares. 
Part IV relates to the variations of these birds in color, size, 
and external structure. Part V deals with their classification 
and nomenclature. Part VI is a repository of facts upon 
which the conclusions in the three preceding parts are largely 
based. It presents the results of my study of extensive series 
of the Tubinares and the outdoor observations upon this 
group made by Mr. Edward Winslow Gifford, Mr. Rollo 
Howard Beck, and Dr. Alexander Sterling Bunnell during the 
ocean expeditions sent out by the California Academy of 
Sciences. 

In the preparation of this paper I have received much as- 
sistance from institutions and individuals. For the loan of 
specimens I am indebted to Mr. Outram Bangs, Mr. A. C. 
Bent, Dr. Joseph Grinnell, Dr. Leonard C. Sanford, Mr. John 
E. Thayer, the State of Oregon Fish and Game Commission, 
through Mr. Stanley G. Jewett, the Bernice Pauahi Bishop 
Museum, through Mr. John F. G. Stokes, the Department of 
Zoology of Leland Stanford Junior University, through Prof. 
John O. Snyder, the Museum of Vertebrate Zoology of the 
University of California, through Dr. Joseph Grinnell, the 
Carnegie Museum, through Mr. W. E. Clyde Todd, and the 
United States National Museum, through Dr. Charles W. 
Richmond. I am also under obligations to Mr. L. R. Reyn- 
olds for the photographs of museum specimens reproduced in 
the accompanying illustrations, to Mr. Samuel Levi for the 
original drawing of the homolographic chart, to Mr. Edward 
Winslow Gifford for the great series of measurements, and 
lastly to my friend of many years, Mr. Ransom Pratt, who 
has read most of the manuscript of this paper during its prep- 
aration, and has made many suggestions that have added to 
the clearness of the statements. 
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I 

HISTORIC SKETCH 
The Pre-Couesian Period: to 1866 

Prior to the publication of Dr. Coues’s monograph in 1864 
and 1866, the literature pertaining to the albatrosses, petrels, 
and diving petrels was at best fragmentary. The impress of 
Linnaeus upon the group in the tenth and twelfth editions of 
his Systema Nature? is very slight ; only five of the eight spe- 
cific names proposed by him are tenable. Johann Friedrich 
Gmelin, “an industrious, indiscriminate compiler and tran- 
scriber,” in 1789 in volume one, part two, of his edition of the 
Systema Nature? considerably increased Linnaeus’s list. The 
source of Gmelin’s information was mainly the third volume 
of Dr. John Latham’s General Synopsis of Birds , published in 
1785. In this work Latham did not apply “the principles of 
binary nomenclature,” and therefore his names of species have 
no standing in technical ornithology. In his Index Ornitho- 
logicus, which appeared in 1790, Latham bestowed Latin 
binomial names upon his birds. Nevertheless, only one name 
survives in the group we are considering, for he was fore- 
stalled by Gmelin, who followed the Linnaean system of 
naming, thereby gaining a foothold in the nomenclature. 

Latham’s name is inseparably connected with the ornithol- 
ogy of Captain James Cook’s three voyages, and the present 
narrative would be incomplete without some further allusion 
to these voyages. On the first voyage, which lasted from 
1768 till 1771, Cook was accompanied by Sir Joseph Banks 
and his four assistants, Dr. Daniel Carl Solander (a disciple 
of Linnaeus) and three artists, one of whom was Sydney 
Parkinson, in whose honor Parkinson’s Petrel in later years 
was named. Parkinson made the drawings of the birds and 
Solander wrote the descriptions and selected the names. Banks 
and Solander returned in safety, but Parkinson and the other 
artists died on the voyage. Solander after his return to Eng- 
land elaborated his original notes on the albatrosses and petrels 
into extensive Latin descriptions ready for the printer, but he 
died in 1782, leaving them unpublished. Recently these manu- 
script descriptions have been discovered in the British Museum 
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by Mr. Gregory M. Mathews, and published by him in the sec- 
ond volume of his Birds of Australia. Since the time of Mr. 
George Robert Gray the manuscript had apparently been lost 
sight of by ornithologists. Neither Mr. Salvin nor Dr. God- 
man knew of its existence. On Cook's second voyage (1772- 
1775) Dr. Johann Reinhold Forster was naturalist, his son 
Johann Georg Adam Forster (commonly called George 
Forster) bird artist, and Dr. Anders Sparrman assistant to the 
elder Forster. In 1785, Forster published his Memoir e sur les 
Albatros in Tome X of Memoires de Mathematique et de 
Physique , presentes a I’Academie Royale des Sciences [Paris], 
describing three species. Although catalogued by Carus and 
Engelmann in their Bibliotheca Zoologica and quoted from 
that work by Dr. Coues in his Third Instalment of American 
Ornithological Bibliography , this memoir was overlooked by 
nomenclators until 1902 when Mr. C. Davies Sherborn drew 
attention to it in his Index Animalium. Owing to disagree- 
ments between the British Government and Forster, the larger 
results of Forster’s work on the voyage remained unpublished 
during his lifetime. In 1844, under the editorship of Dr. 
Martin Hinrich Lichtenstein, the results finally appeared in 
Descriptiones Animalium. Priority of technical names was 
lost in most instances by this long delay. On his third voy- 
age (1776-1780), Cook was accompanied by two artists, 
William W. Ellis and John Webber. Ellis appears to have 
made all of the bird drawings on this voyage. 

Parkinson’s drawings and Solander’s manuscript, George 
Forster’s drawings, and Ellis’s drawings passed into the pos- 
session of Sir Joseph Banks. The specimens obtained on the 
second voyage went in part to the British Museum, and those 
on the third voyage, at least, to the collection of Sir Joseph 
Banks. “Some found their way into the Leverian Museum” 
(J. E. Gray, Dieffenbach’s Travels in New Zealand , Vol. II, 
p. 178). The Leverian Museum was the private museum of 
Sir Ashton Lever, established in London during the latter 
part of the eighteenth century, and finally dispersed by auc- 
tion in 1806. In our particular field, Latham based his de- 
scriptions largely upon the collections of the British Museum, 
of the Leverian Museum, and of Sir Joseph Banks, availing 
himself of the fruits of Cook’s voyages. Even for the time, 
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Latham’s descriptions are vague, for he did not possess in a 
high degree the gift of recognizing the distinguishing charac- 
ters of species. In consequence, some of Gmelin’s species 
founded on Latham’s descriptions are indeterminable. In the 
present paper but ten are admitted. Of the specimens de- 
scribed by Latham, only one is now in the possession of the 
British Museum (cf. Sharpe, Hist . Coll. Nat. Hist. Depts. 
Brit. Mils., Vol. II, pp. 79, 172). However, the bird draw- 
ings of Cook’s voyages, long known as the Banksian draw- 
ings, are preserved in the British Museum, and together with 
Solander’s manuscript and Forster’s descriptions shed a side 
light upon the identity of the Gmelinian species under review. 
It should be noted that Latham did not limit the scope of his 
General Synopsis to classification and nomenclature. Under 
“place and manners” he included the geographic range and 
habits of the species. 

In 1816 and 1817, Louis Jean Pierre Vieillot reviewed the 
group in the Nouveau Dictionnaire d’Histoire Naturelle 
(Tomes I and XXV, under Albatros and Petrel), following 
closely in the footsteps of Gmelin and Latham. Leach’s 
Petrel and the White-bellied Petrel are formally introduced 
into technical nomenclature. Three years later, in 1820, ap- 
peared Dr. Heinrich Kuhl’s Beitrdge zur Kenntniss der Procel- 
larien in part first of his Beitrdge zur Zoologie und vergleichen- 
den Anatomie. Twenty-seven species and nominal species of 
petrels and one diving petrel are treated in this monograph. 
The Capped Petrel and Wilson’s Petrel receive technical 
christening, unwittingly, however, for Kuhl attributed the 
designation of the former to Forster and of the latter to 
Banks, basing his identification upon the Banksian drawings. 
James Francis Stephens in 1826 in Volume XIII of Shaw’s 
General Zoology instituted two genera and provided a tech- 
nical name for the Slender-billed Fulmar, He also adopted a 
generic name ( Pachyptila ) proposed by Johann Karl Wilhelm 
Illiger in 1811 in his Prodromus Systematis Mammalium et 
Avium. As a whole, Stephens’s treatment of the group falls 
short of that by his predecessors. 

John Gould early became interested in the group. In Vol- 
ume II of his Handbook to the Birds of Australia (1865), 
he remarks on page 421 : “Having paid much attention to 
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these birds during my passages to and from Australia, my 
researches were rewarded by my obtaining a knowledge of 
nearly forty different species, most of which are peculiar to 
the southern hemisphere, and many of them frequenters of 
the Australian seas.” In the Proceedings of the Zoological 
Society of London , parts for 1840, 1843, and 1844, he de- 
scribed two albatrosses and four petrels. In 1844 he pub- 
lished in the Annals and Magazine of Natural History an 
article On the Family Procellaridce, zmth descriptions of Ten 
new Species. Only two of the alleged new species were really 
new. The descriptions of three other species, however, ante- 
date descriptions that appeared in the Proceedings of the 
Zoological Society for 1844. Life histories are given in his 
illustrated folio Birds of Australia (Vol. VII) and in the 
Handbook before mentioned. 

George Robert Gray, long in charge of the bird collection 
of the British Museum, described four of the species recog- 
nized in the present paper, a description appearing in each of 
the following publications: Dieffenbach’s Travels in New 

Zealand , Volume II, 1843 ; Proceedings of the Zoological 
Society of London for 1853; Catalogue of the Birds of the 
Tropical Islands of the Pacific Ocean, 1859; The Ibis for 
July, 1862. Furthermore, Gray devoted five pages of the 
third volume of his sumptuously illustrated Genera of Birds 
to a review of the group. 

In 1848 appeared Volume VIII of the United States Ex- 
ploring Expedition - - - Mammalogy and Ornithology by 
Titian Ramsey Peale, a naturalist of the expedition. Five 
petrels were described as new; one of them, however, had 
been described previously by J. R. Forster. 

In his Avium Systema Naturale (1852), Dr. Heinrich 
Gottlieb Ludwig Reichenbach instituted a number of genera, 
five of which are adopted in the present review. 

Prince Charles Lucien Jules Laurent Bonaparte, at the 
close of his long career as an ornithologist, presented a classi- 
fication of the group in Comptes Rendus Hebdomadaires des 
Seances de VAcademie des Sciences [Paris], Tome XLII, 
1856, and in Conspectus Generum Avium, Tomus II, 1857. 
Five of the generic names proposed by him are used in the 
present connection. 
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In 1863 in Museum d’Histoire Naturelle des Pays-Bas , 
4me Livraison, Dr. Hermann Schlegel published a systematic 
monograph of forty pages on the “Procellariae” describing- 
two new species and limiting the number of genera to three, 
thereby following a course opposite to that of Bonaparte. 

With Bonaparte and Schlegel closed the Pre-Couesian 
Period in the study of the albatrosses, petrels, and diving 
petrels. The quarried stones were now ready to be built into 
a lasting foundation by a master builder. 

The Couesian Period: 1866-1896 
Plate 1 

The monograph that defines the preceding and the present 
period was written by a young man who had not attained his 
twenty-fourth year, Dr. Elliott Coues, an Assistant Surgeon 
in the United States Army. This monograph was published 
in five parts in the Proceedings of the Academy of Natural 
Sciences of Philadelphia , as follows: 

A critical Review of the Family Procellaridce: Part I., em- 
bracing the Procellariece , or Stormy Petrels, March, 1864, 
pp. 72-91. 

A Critical Review of the Family Procellaridce: — Part IL; 
Embracing the Puffinece, April, 1864, pp. 116-144. 

A Critical Reviezv of the Family Pr o cellar iidce : — Part III ; 
embracing the Fulmarece, March, 1866, pp. 25-33. 

Critical Reviezv of the Family Procellar iidce: — Part IV; 
Embracing the AEstrelatece and the Prionece , May, 1866, pp. 
134-172. 

Critical Review of the Family Procellariidce ; — Part V ; em- 
bracing the Diomedeince and the Halodromince. With a Gen- 
eral Supplement, May, 1866, pp. 172-197. 

Although young in years, Dr. Coues was highly equipped 
for monographic work in ornithology. He was well grounded 
in anatomy and was familiar with the Latin, French, and 
German languages. He had been trained in the Bairdian 
methods, and already had had experience in monographing 
groups of birds. He had access to the books and specimens 
of “the Philadelphia Academy and the Smithsonian Institu- 
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tion,” the specimens including the Gould Australian collec- 
tion and the spoils of the United States Exploring Expe- 
dition, reported upon by Peale. In the first three parts of his 
monograph, Dr. Coues was under the spell of Bonaparte’s 
great name, but in the two final parts he emancipated himself 
from this influence. The vulnerable points in the monograph 
are chiefly of the kind incident to lack of specimens and out- 
door observation. Dichromatism was mistaken for age varia- 
tion, and inconstant characters were sometimes misconstrued 
to be constant ones. Seasonal variation due to wear of plum- 
age, however, was clearly understood. Although other mono- 
graphs have since appeared, the influence of this monograph 
has not ceased. It "must always be consulted,” remarks Mr. 
Salvin, "by those wishing to master the intricacies of this 
complicated subject.” Dr. Coues’s connection with the group 
did not wholly terminate with the publication of his mono- 
graph. He edited the "Ornithology” and was joint author of 
the "Oology” of Dr. Jerome Henry Kidder’s Contributions to 
the Natural History of Kerguelen Island (I, 1875, II, 1876), 
and he identified the birds of Dr. Thomas H. Streets’s Con- 
tributions to the Natural History of the Haivaiian and Fan- 
ning Islands and Lower California (1877). In Remarks on 
certain Procellariidce ( The Auk, 1897), he introduced the 
system of classification for the higher groups followed in the 
present paper, and in the fifth edition of his Key to North 
American Birds, printed in 1903 nearly four years after his 
death, he devoted upwards of twenty-six pages to the "Order 
Tubinares: Tube-nosed Swimmers.” 

In 1870, in Fauna Vertebrata nelV Oceano, Professor En- 
rico Hillyer Giglioli gave an account of the species of "Pro- 
cellariadee” observed by him during the voyage of the Italian 
corvette Magenta round the world, including five supposed 
new species originally described by himself and Count Tom- 
maso Adlard Salvadori in 1868 in Volume XI of Atti della 
Societa Italiana di Science Naturali. In 1876, in Volume I 
of Mr. George Dawson Rowley’s Ornithological Miscellany, 
appeared two articles from the pen of Mr. Osbert Salvin, en- 
titled Critical Notes on Procellariidce , the first dealing with 
Parkinson’s drawings and the second with the petrels de- 
scribed as new' by Giglioli and Salvadori in the paper cited 
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above. The closing year of the decade saw the publication of 
Volume 168 of the Philosophical Transactions of the Royal 
Society of London , containing an article by Dr. Richard 
Bowdler Sharpe on the birds of Kerguelen Island, with field 
notes by Rev. A. E. Eaton, and a shorter article by Mr. How- 
ard Saunders on the birds' eggs obtained on that island. In 
1881, Mr. Osbert Salvin published in the Voyage of H. M. S. 
Challenger , Zoology , Volume II, his final report On the Pro - 
cellariidce collected during the Expedition; twenty-three spe- 
cies being noticed. In Volume IV of the same publication, 
followed Mr. William Alexander Forbes's Report on the 
Anatomy of the Petrels ( Tubinares ) collected during the 
Voyage. The year 1887 was marked by the appearance of 
Mr. Robert Ridgway's Manual of North American Birds, in 
which most of the species of the Order Tubinares were con- 
sidered. In 1888, Sir Walter La wry Buller brought out Vol- 
ume II of the second edition of his illustrated History of the 
Birds of Neiv Zealand, with its life histories of numerous 
Tubinarine species. The same year Mr. Osbert Salvin con- 
tributed in The Ibis a third instalment of his Critical Notes on 
the Procellariidce, foreshadowing the close of the Couesian 
Period. 



The Salvinian Period: 1896-1910 
Plate 2 

The advent in 1896 of the twenty-fifth volume of the Cata- 
logue of the Birds in the British Museum, embracing Mr. 
Howard Saunders's monograph on the “Gaviae (Terns, Gulls, 
and Skuas)" and Mr. Osbert Salvin's monograph on the 
“Tubinares (Petrels and Albatrosses)," ushered in the Sal- 
vinian Period. With far greater facilities than those at the 
command of his predecessor, Mr. Salvin was able to simplify 
the whole subject and give it a new impetus. The shortcomings 
of this monograph, as in the preceding one, were due chiefly to 
lack of specimens and outdoor observation. 

The year 1901 witnessed the publication of Mr. Archibald 
James Campbell’s Nests and Eggs of Australian Birds, and 
1905 Sir Walter Lawry Buller’s Supplement to the Birds of 
New Zealand, each containing life histories of numerous antip- 
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odean species of the group under consideration. Also, this 
period was fruitful in reports of Antarctic and sub-Antarctic 
exploration. Of special importance are Mr. William Eagle 
Clarke’s Ornithological Results of the Scottish National Ant- 
arctic Expedition ( The Ibis , 1905, 1906, 1907), Dr. Einar 
Lonnberg’s Contributions to the Fauna of South Georgia 
( 1906) , Dr. Anton Reichenow’s extended paper in the Deutsche 
Siidpolar-Expedition (IX Band, Zoologie, I Band, 1908), and 
Dr. Edward Adrian Wilson’s account in the National Antarctic 

Expedition Natural History (Vol. II, Zoology, 1907). Dr. 

Wilson accompanied both of the expeditions commanded by 
Captain Scott, and lost his life in the ill-fated return from the 
South Pole. Some of the best ornithology that has ever been 
written about the albatrosses and petrels is to be found in his 
report. 

Mr. Salvin projected an elaborate, illustrated monograph, 
but he passed away on the 1st of June, 1898, without carrying 
his plan into effect. 



The Godmanian Period: 1910-19 — 

Plate 3 

Dr. Frederick Du Cane Godman, Mr. Salvin’s lifelong friend 
and collaborator in the monumental Biologia Centrali- Ameri- 
cana, assumed the task of writing the projected monograph, 
and with the assistance of Dr. Richard Bowdler Sharpe brought 
it to a successful conclusion. The Monograph of the Petrels 
(Order Tubinares), issued in five parts (1907-1910), marks a 
decided advance, creating a new period in the rise and progress 
of our special subject. 

At this point the sketch must be brought to a close, for it has 
reached the contemporaneous events which fall within the scope 
of the succeeding parts of this paper. 
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II 

GEOGRAPHIC DISTRIBUTION 
General Considerations 

The Tubinares frequent all the oceans of the world. 
Only a few species, however, breed both in the Northern 
and Southern hemispheres. The Southern Hemisphere is the 
stronghold of the group; fully twice as many species breed 
there as in the Northern Hemisphere. The Pacific Ocean, 
likewise, is much more prolific in species than the Atlantic 
and Indian oceans. The Pelecanoididse, the albatrosses of 
the genera Thalassarche and Phoebetria , and the Fulmarinse 
and Oceanitinse, with the exception of the Fulmar and White- 
faced Petrel, are peculiar to the Southern Hemisphere. The 
majority of the Thalassidrominse and three of the five alba- 
trosses of the genus Diomedea are peculiar to the North 
Pacific. At least half a dozen species breed on the coasts of 
the Antarctic Continent, namely, the Giant, Slender-billed, 
and Antarctic 1 fulmars and the Cape, Snowy, and Wilson’s 
petrels. In Arctic regions, the Fulmar breeds as far north as 
Franz Josef Land and Melville Island, and the Storm Petrel 
as far north as the Lofoten Islands, Norway. Notable ex- 
amples of diversity in distribution in intermediate latitudes 
are presented in the Wedge-tailed Shearwater and White- 
faced, Bulwer’s, and Harcourt’s petrels. The known breed- 
ing range of the Wedge-tailed Shearwater extends from the 
Seychelle and Mascarene islands in the Indian Ocean, Austra- 
lia, and the Kermadec Islands in the southwestern Pacific to 
the Revilla Gigedo, Hawaiian, and Volcano islands in the 
North Pacific, and the breeding range of the White-faced 
Petrel extends from Australian and New Zealand seas to 
Tristan da Cunha in the South Atlantic and the Cape Verde 
and Salvage islands in the North Atlantic. Bulwer’s and 
Harcourt’s petrels have a more discontinuous distribution. 
Bulwer’s Petrel is known to breed on the Madeira, Salvage, 
Canary, and Hawaiian islands, and Harcourt’s Petrel on the 
Azores, Madeira, Salvage, Cape Verde, Galapagos, and Ha- 
waiian islands. 



1 Cf. Mawson, Home of the Blizzard, v. 2, pp. 117, 260. 
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The ancestral line of the Tubinares extends back into the 
Miocene Period, and the causes affecting the distribution of 
the group involve past conditions as well as present ones. 
The preponderance of species in the Southern Hemisphere 
and on the Pacific Ocean, the restriction of the Pelecanoididse 
and certain other groups to Southern seas, and the dual hemi- 
sphere distribution of the Wedge-tailed Shearwater and 
White-faced Petrel are not explained solely by existing con- 
ditions. There is an historic background. In the remote 
past Tubinarine species became established in their habitats 
and have been able to hold them against all competition. 
Their success is perhaps due chiefly to the isolated character 
of their breeding stations, where predaceous land mammals 
are absent and food is plentiful. The discontinuous distribu- 
tion of Harcourt’s and Bulwer’s petrels ceases to be an 
enigma when viewed from the standpoint of a water way 
between North and South America, which geologists tell us 
existed as late as the Miocene Period. 

The fact is not lost sight of that temperature is a factor 
in the geographic distribution of birds. The apparent restric- 
tion of certain Tubinares in the Southern Hemisphere to the 
zone lying approximately south of the isotherm of 15° C. for 
January perhaps indicates a temperature control. It should 
be borne in mind, however, that temperature on the ocean is 
affected not only by latitude, but by periodic winds, warm 
and cold currents, and apparent upwelling of cold bottom 
water, and it may be that these persistent phenomena, in- 
stead of exercising temperature control, serve merely as 
boundaries, marking the frontiers of habitats established in 
ages long past. 

Barren areas in the sea and areas having a food-supply 
also determine distribution. In the former bird-life is want- 
ing and in the latter it may abound, as in the south polar 
seas, where there exists an extraordinary abundance of food 
in summer and autumn. 1 



i Cf. Clarke, Ibis, 1907, pp. 328, 329. 
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Distribution Areas 
Plate 4 

For the Tubinares, I recognize three different grades of 
distribution areas, namely, superarea , area , and subarea , 
based on the species at their breeding stations. A superarea 
or an area is distinguished by characteristic species, and a 
subarea by a peculiar association of any of the breeding 
species of an area. 



Super areas 

Two superareas are admitted, one embracing the Southern 
Hemisphere seas and all Galapagos waters, the other the 
Northern Hemisphere seas exclusive of Galapagos waters. 
The former is designated the Southern Super area and the 
latter the Northern Superarea . The subjoined lists show the 
characteristic species. The preponderance of Southern Super- 
area species and the paucity of those common to both super- 
areas are apparent from a glance in these lists. 



Species breeding only in the Southern Superarea 



Diomedea exulans 
Diomedea irrorata 
Thalassarche melanophris 
Thalassarche bulleri 
Thalassarche cauta 
Thalassarche culminata 
Thalassarche chlororhynchos 
Phosbetria palpebrata 
Macronectes giganteus 
Priocella antarctica 
Thalassoica antarctica 
Petrella capensis 
Halobsena cserulea 
Pachyptila vittata 
Pagodroma nivea 
Bulweria macgillivrayi 
Pterodroma axillaris 
Pterodroma leucoptera 
Pterodroma brevipes 
Pterodroma nigripennis 
Pterodroma cooki 
Pterodroma externa 
Pterodroma cervicalis 
Pterodroma lessoni 
Pterodroma incerta 
Pterodroma neglecta 
Pterodroma rostrata 
Pterodroma magentse 



Pterodroma macroptera 
Pterodroma aterrima 
Pterodroma solandri 
Pterodroma inexpectata 
Pterodroma brevirostris 
Procellaria aequinoctialis 
Procellaria parkinsoni 
Priofinus cinereus 
Puffinus gravis 
Puffinus creatopus 
Puffinus gavia 
Puffinus carneipes 
Puffinus griseus 
Puffinus tenuirostris 
Puffinus bulleri 
POceanodroma markhami 
Oceanodroma hornbyi 
Oceanites oceanicus 
Oceanites gracilis 
Pealea lineata 
Garrodia nereis 
Fregetta melanogaster 
Fregetta grallaria 
Fregetta albigularis 
Fregetta mcestissima 
Pelecanoides urinatrix 
Pelecanoides garnoti 
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Species breeding only in the Northern Superarea 



Diomedea nigripes 
Diomedea albatrus 
Diomedea immutabilis 
Fulmarus glacialis 
Bulweria bulweri 
Pterodroma hypoleuca 
Pterodroma hasitata 
Pterodroma caribbaea 
Puffinus kuhli 
Puffinus puffinus 
Puffinus opisthomelas 



Puffinus auricularis 
PPuffinus leucomelas 
Halocyptena microsoma 
Thalassidroma pelagica 
Oceanodroma macrodactyla 
Oceanodroma leucorhoa 
Oceanodroma homochroa 
Oceanodroma tristrami 
Oceanodroma melania 
Oceanodroma furcata 



Species breeding in Both Southern and Northern Superareas 



Pterodroma phseopygia 
Pterodroma mollis 
Pterodroma parvirostris 
Puffinus obscurus 
Puffinus nativitatis 



Puffinus chlororhynchus 
POceanodroma tethys 
Oceanodroma castro 
Pelagodroma marina 



Areas 



Three areas are recognized in the Southern Superarea, 
namely, Circumpolar Area , Indo-Pacific Area , and South 
Atlantic Area , and two in the Northern Superarea, namely, 
North Pacific Area and North Atlantic Area . The bound- 
aries are necessarily more or less tentative, owing to our im- 
perfect knowledge of the breeding stations of many species. 

The Circumpolar Area lies chiefly between parallels 78° S. 
and 40° S., and includes Tristan da Cunha, but not Chatham, 
South, or Stewart islands, New Zealand, or Tasmania. Its 
northern boundary coincides well with the isotherm of 15° C. 
for January. The climatic conditions are Antarctic and sub- 
Antarctic. The following are apparently characteristic species : 



Thalassarche melanophris 
Thalassarche bulleri 
Thalassarche culminata 
Phoebetria palpebrata 
Macronectes giganteus 
Priocella antarctica 
Thalassoica antarctica 
Petrella capensis 



Halobaena caerulea 
Pagodroma nivea 
Pterodroma lessoni 
Pterodroma brevirostris 
Procellaria aequinoctialis 
Puffinus gravis 
Oceanites oceanicus 



The Indo-Pacific Area embraces approximately the Indian 
and Pacific oceans south of the Equator and north of the 
isotherm of 15° C. for January, including the immediate 
vicinity of Stewart, South, and Chatham islands, New Zea- 
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land, and the entire Galapagos Archipelago. Characteristic 
species appear to be the following: 



Diomedea irrorata 
Bulweria macgillivrayi 
Pterodroma axillaris 
Pterodroma leucoptera 
Pterodroma brevipes 
Pterodroma nigripennis 
Pterodroma cooki 
Pterodroma externa 
Pterodroma cervicalis 
Pterodroma rostrata 
Pterodroma aterrima 



Pterodroma solandri 
Pterodroma inexpectata 
Procellaria parkinsoni 
Puffinus creatopus 
Puffinus bulleri 
Oceanodroma hornbyi 
Oceanites gracilis 
Pealea lineata 
Fregetta albigularis 
Fregetta moestissima 
Pelecanoides garnoti 



The South Atlantic Area comprises the South Atlantic 
Ocean north of the isotherm of 15° C. for January. Its 
characteristic species remain to be determined. 

The North Pacific Area includes the Indian and Pacific 
oceans north of the Equator (exclusive of Galapagos waters), 
and extends through Bering Strait into the Arctic Ocean. The 
characteristic species are: 



Diomedea nigripes 
Diomedea albatrus 
Diomedea immutabilis 
Pterodroma hypoleuca 
Puffinus opisthomelas 
Puffinus auricularis 
PPuffinus leucomelas 



Halocyptena microsoma 
Oceanodroma macrodactyla 
Oceanodroma homochroa 
Oceanodroma tristrami 
Oceanodroma melania 
Oceanodroma furcata 



The North Atlantic Area covers the North Atlantic Ocean 
and portions of the Arctic Ocean. The following species are 
characteristic of this area: 

Pterodroma hasitata Puffinus puffinus 

Pterodroma caribbsea Thalassidroma pelagica 

Puffinus kuhli 

Fulmarns glacialis , Bulweria bnlweri, and Oceanodroma 
leucorhoa are common to the North Pacific and North 
Atlantic areas. 



Subareas 

The subjoined synopsis indicates the subareas thus far rec- 
ognized by me. They are, however, largely tentative, for our 
knowledge of the breeding stations of many species is still 
very imperfect. 
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Subareas 



"Circumpolar Area 



^Antarctic 
Kerguelen 
< Macquarie 
South Georgia 
^Tristan da Cunha 



Southern Superarea 



Indo-Pacific Area.. 



Mascarene 
West Australian 
East Australian 
New Zealand 
Kermadec 
Juan Fernandez 
South Polynesian 
Galapagos 



South Atlantic Area . . Trinidad 



Northern Superarea < 



North Pacific Area... < 



Hawaiian 
Revilla Gigedo 
Californian 

Southeastern Alaskan 
Northern Alaskan 



.North Atlantic Area. 



West Indian 
Madeiran 
Mediterranean 
Nova Scotian 
Britannic 
Franz Josef 



The Antarctic Subarea occupies the region between lati- 
tude 78° S. and 60° S., and has a polar climate. The follow- 
ing species are known to breed within its bounds : 

Macronectes giganteus Pagodroma nivea 

Priocella antarctica Oceanites oceanicus 

Thalassoica antarctica Fregetta melanogaster 

Petrella capensis 



The Kerguelen Subarea includes the Kerguelen Group and 
Heard, Crozet, and Prince Edwards islands. Sub-Antarctic 
conditions prevail. Breeding species are: 



Diomedea exulans 
Thalassarche melanophris 
Thalassarche culminata 
PThalassarche chlororhynchos 
Phoebetria palpebrata 
Macronectes giganteus 
Petrella capensis 
Halobaena caerulea 
Pachyptila vittata 



Pterodroma lessoni 
Pterodroma macroptera 
Pterodroma brevirostris 
Procellaria aequinoctialis 
Oceanites oceanicus 
Garrodia nereis 
Fregetta melanogaster 
Pelecanoides urinatrix 
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The Macquarie Subarea embraces the Macquarie, Camp- 
bell, Auckland, Antipodes, Snares, and Bounty islands. The 
climate is sub-Antarctic, especially in the more southerly 
islands. The following species breed in this subarea: 



Diomedea exulans 
Thalassarche melanophris 
Thalassarche bulleri 
Thalassarche cauta 
Thalassarche culminata 
Phoebetria palpebrata 
Macronectes giganteus 
Pachyptila vittata 



Pterodroma lessoni 
Procellaria sequinoctialis 
Priofinus cinereus 
Puffinus gavia 
Garrodia nereis 
Pelagodroma marina 
Pelecanoides urinatrix 



The South Georgia Subarea comprises the sub-Antarctic 
South Georgia, Falkland, Sandwich, and Bouvet islands. 
Breeding species are: 



Diomedea exulans 
Thalassarche melanophris 
Phoebetria palpebrata 
Macronectes giganteus 
PPetrella capensis 
Pachyptila vittata 



Pagodroma nivea 
Procellaria aequinoctialis 
Oceanites oceanicus 
Garrodia nereis 
PFregetta melanogaster 
Pelecanoides urinatrix 



The Tristan da Cunha Subarea is restricted to the Tristan 
da Cunha Group and Gough Island, and lies in the zone 
south of the isotherm of 15° C. for January. The following- 
are said to breed in this subarea: 



Diomedea exulans 
Thalassarche culminata 
PThalassarche chlororhynchos 
Phoebetria palpebrata 
Macronectes giganteus 
Pachyptila vittata 



Pterodroma mollis 
Puffinus gravis 
Puffinus obscurus 
Pelagodroma marina 
Pelecanoides urinatrix 



The Mascarene Subarea consists of the Mascarene, Sey- 
chelle, and Chagos archipelagoes. Pterodroma aterrima, 
Puffinus obscurus , and Puffinus chlororhynchus breed within 
its bounds. 

The West Australian Subarea embraces the north, west, 
and south coasts of Australia from the Gulf of Carpentaria 
to Victoria. The following, at least, breed in this subarea: 

Pterodroma macroptera Puffinus tenuirostris 

Puffinus obscurus Puffinus chlororhynchus 

Puffinus carneipes Pelagodroma marina 



The East Australian Subarea is the complement of the 
West Australian, embracing Tasmania and the coasts of Vic- 
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and Queensland. Among its breed* 



toria, New South Wales, 
ing species are: 

Thalassarche cauta 
Pachyptila vittata 
Pterodroma leucoptera 
Puffinus tenuirostris 



Puffinus chlororhynchus 
Pelagodroma marina 
Pelecanoides urinatrix 



The New Zealand Subarea includes North, South. Stewart, 
and Chatham islands, New Zealand. The breeding species 
are mainly the following : 



Diomedea exulans 
Pachyptila vittata 
Pterodroma axillaris 
Pterodroma cooki 
Pterodroma macroptera 
Pterodroma inexpectata 
Procellaria parkinsoni 



Puffinus gavia 
Puffinus obscurus 
Puffinus carneipes 
Puffinus griseus 
Garrodia nereis 
Pelagodroma marina 
Pelecanoides urinatrix 



The Kermadec Subarea comprises the Kermadec, Norfolk, 
and Lord Howe islands. Breeding species are: 

Pterodroma nigripennis Puffinus obscurus 

Pterodroma cervicalis Puffinus carneipes 

Pterodroma neglecta Puffinus chlororhynchus 

Pterodroma solandri 

The Juan Fernandez Subarea has within its bounds Juan 
Fernandez, Masafuera, St. Felix, and St. Ambrosio islands. 
Breeding species are: 

Pterodroma cooki Pterodroma neglecta 

Pterodroma externa Puffinus creatopus 



The South Polynesian Subarea comprehends the tropical 
islands of the central Pacific south of the Equator. Breeding 
species appear to be : 



Bulweria macgillivrayi 
Pterodroma brevipes 
Pterodroma rostrata 
Pterodroma parvirostris 
Puffinus obscurus 



Puffinus nativitatis 
Puffinus chlororhynchus 
Pealea lineata 
Fregetta albigularis 
Fregetta mcestissima 



The Galapagos Subarea is conterminous with the Gala- 
pagos Archipelago. Its breeding species are: 

Diomedea irrorata Oceanodroma tethys 

Pterodroma phseopygia Oceanodroma castro 

Puffinus obscurus Oceanites gracilis 
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The Trinidad Subarea is limited to Trinidad Islet (lati- 
tude 20° 30' S., longitude 29° IS' W.). "Pterodroma armin - 
joniana” (==P. neglecta?) is the only species of Tubinares 
reported as breeding. 

The Hawaiian Subarea includes the Hawaiian, Marcus, 
Volcano, and Bonin islands. It harbors the following breed- 
ing species: 



Diomedea nigripes 
Diomedea immutabilis 
Bulweria bulweri 
Pterodroma hypoleuca 
Pterodroma phseopygia 



Puffinus auricularis 
Puffinus nativitatis 
Puffinus chlororhynchus 
Oceanodroma castro 
Oceanodroma tristrami 



The Revilla Gigedo Subarea is coextensive with the Revilla 
Gigedo Islands. Puffinus auricidaris and Puffinus chloro- 
rhynchus breed there. 

The Californian Subarea comprises the islets off the coast of 
Lower California and Southern and Middle California. The 
species known to breed in this subarea are the following : 

Puffinus opisthomelas Oceanodroma leucorhoa 

Halocyptena microsoma Oceanodroma homochroa 

Oceanodroma macrodactyla Oceanodroma melania 



The Southeastern Alaskan Subarea extends along the 
coastal islets from Middle California (latitude 41° N.) to the 
Aleutian Islands. Oceanodroma leucorhoa and Oceanodroma 
furcata are the breeding species. 

The Northern Alaskan Subarea includes the Aleutian 
Islands and the Bering Sea and Arctic Alaskan islands. The 
breeding species are: 

PDiomedea albatrus Oceanodroma leucorhoa 

Fulmarus glacialis Oceanodroma furcata 



The West Indian Subarea consists of the West India and 
Bermuda islands. Pterodroma hasitata, Pterodroma carib- 
bcea , and Puffinus obscurus are the breeding species. 

The Madeiran Subarea embraces the North Atlantic Is- 
lands, namely, Cape Verde and Canary archipelagoes, Sal- 
vages, Madeira Group, and Azores. Breeding species are: 

Bulweria bulweri Puffinus obscurus 

Pterodroma mollis Oceanodroma castro 

Puffinus kuhli Pelagodroma marina 

Puffinus puffinus 
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The Mediterranean Subarea covers the breeding stations of 
the Mediterranean Sea. Within its bounds breed Ptiffinus 
kithli, Puffinus puffinus, and Thalassidroma pelagica. 

The Nova Scotian Subarea reaches northward from Maine 
and Nova Scotia to southern Greenland. Oceanodroma leu - 
corhoa is apparently the sole breeding species. 

The Britannic Subarea extends from the British Isles and 
vicinity to the Lofoten Islands, Norway. Within its confines 
the following species breed : 

Fulmarus glacialis Thalassidroma pelagica 

Puffinus puffinus Oceanodroma leucorhoa 

The Franz Josef Subarea is confined to the eastern hyper- 
borean breeding stations of Fulmarus glacialis . 
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Ill 

MIGRATION 1 

While the literature of ornithology abounds in references 
to the albatrosses and petrels as ocean wanderers, but little has 
been said of them as birds of passage, although they exem- 
plify every cardinal aspect of bird migration, including certain 
phases that are wanting in birds whose lives are more inti- 
mately connected with the land. Some species are apparently 
stationary, never venturing far from their breeding* stations; 
others perform migrations that stop short of the Equator; 
others still are transequatorial migrants; others, breeding in 
the Tropics and subtropics, migrate in a direction not towards, 
but away from the Equator, breaking all the time-honored 
book rules for bird migration. 



Migration in the Southern Hemisphere 

The species of albatrosses and petrels breeding in the 
Southern Hemisphere far outnumber those breeding in the 
Northern. Their migration, too, dwarfs the complementary 
migration of the northern species, and exhibits similar diver- 
sity in the direction and extent of the fly-lines. Among the 
longest are the transequatorial lines of the Sooty Shearwater 
and among the shortest is the line of the Snowy Petrel of 
Antarctic regions . 2 

Transequatorial migration has often been misinterpreted. 
Even within the last three years a well-known writer upon the 
petrels has hinted that the nesting grounds of the Sooty Shear- 
waters visiting the ocean off California would ultimately be 
discovered north of the Equator . 3 The condition of the plum- 



* Read in part at the thirty-third stated meeting of the American Ornithologists’ 
Union, held in San Francisco, May 18-20, 1915. 

My former papers on bird migration were published as follows: 

Auk, 1891, v. 8, pp. 50-55; 1892, v. 9, pp. 28-39; 1894, v. 11, pp. 26-39. 
94-117. 

Proc. Calif. Acad. Sci., 1895, 2d ser., v. 5, pp. 179-210; 1896, v. 6, pp. 2-14; 1900, 
3d ser., Zool., v. 2, pp. 278-316; pp. 350-354. 

2 Cf. Wilson, Nat. Antarct. Exp., N. H., v. 2, Aves, pp. 90, 91. 

3 Mathews, Birds Austr., v. 2, p. 98; cf. pp. 14, 90, 103. 

In the Ibis for July, 1915, pp. 588, 602, 603, 608, Messrs. Mathews and Iredale 
state positively that the Sooty Shearwater breeds on Pescadores Islands. Nevertheless, 
they offer no better evidence than the mere fact that among myriads of these shear- 
waters occurring in the Northern Hemisphere two individuals, with the base of the bill 
somewhat denuded* of feathers, were taken by a collector from holes during the month 
of May. It is well known that superannuated sea birds often retreat to the land and 
that a denuded state of the base of the bill is highly characteristic of such birds. 
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age and genital organs in these birds proves that they are 
migrants from the south. On their arrival in spring they are 
in worn plumage and their genital organs are small. During 
the succeeding months they undergo a complete and protracted 
moult, and at the time of the departure of the hosts in autumn 
they are in fine feather with the genital organs in a high state 
of erotic development. Furthermore, the period of absence from 
California waters coincides with the breeding season in the 
South Temperate Zone. In a former paper I have also dwelt 
on this phase of bird migration . 1 

The following South Temperate Zone petrels are known to 
occur regularly in the North Temperate Zone during their 
exodus-migration : 2 Great Shearwater, Cooper’s Shearwater, 
Flesh-footed Shearwater, Sooty Shearwater, Slender-billed 
Shearwater, Buller’s Shearwater, and Wilson’s Petrel. In the 
same category probably belongs the Mottled Petrel, and per- 
haps Stejneger’s Petrel, for both have been secured in numbers 
in the North Temperate Zone. The following have been taken 
there in one or more instances, and may finally prove to be 
regular migrants from the south with fly-lines that ordinarily 
fall short of the Tropic of Cancer: Spectacled Albatross, Cul- 
minated Albatross, Sooty Albatross, Giant Fulmar, Slender- 
billed Fulmar, Cape Petrel, Black-tailed Shearwater, Horn- 
by’s Petrel, Black-bellied Petrel, and White-bellied Petrel. 
Such shorter transequatorial migration appears to obtain 
in the Neglected Petrel, Juan Fernandez Petrel, and Cook’s 
Petrel, all of which have been found more or less numerously 
on the northeastern Pacific within the Tropics. Parkinson’s 
Petrel reaches Galapagos waters, and may yet be discovered 
to extend its exodus-migration across the Equator. 

Migration confined to the Southern Hemisphere is well 
exemplified in the Blue Petrel, Antarctic Fulmar, and Snowy 
Petrel . 3 

In the Galapagos Albatross exodus-migration in a direction 
not towards, but away fr om the Equator seemingly prevails. 

1 Proc. Calif. Acad. Sci., 1900, 3d ser., Zool., v. 2, pp. 303-305. 

2 As migration occurs in every month of the year and in breeding birds of both 
hemispheres, it is apparent that fall and spring migration and southward and north- 
ward migration are inadequate terms; hence exodus-migration and return-migration are 
substituted for them (cf. Proc. Calif. Acad. Sci., 1900, 3d ser., Zool., v. 2, pp. 

Mon. Petrels, p. 283; Wilson, Nat. Antarct. Exp., N. H., v. 2, Aves, pp. 83, 90. 
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Migration in the Northern Hemisphere 

The migratory movements of the Northern Hemisphere 
species of albatrosses and petrels are counterparts of those 
occurring in the Southern Hemisphere species. Transequator ial 
migration is represented in Leach’s Petrel, and apparently in 
the Least Petrel, Storm Petrel, Kuhl’s Shearwater, and Manx 
Shearwater, and migration restricted to the Northern Hem- 
isphere is represented in the Fulmar, and probably in the 
Short-tailed Albatross. The Ashy Petrel, Black Petrel, and 
Fork-tailed Petrel have definite migratory movements, but 
their southern limits have not been reported. After breeding 
on Lower California islands, Black-vented Shearwaters 
migrate northward along the coast, some of them as far at 
least as Vancouver Island, their fly-line thus extending about 
fifteen hundred nautical miles. Black-footed Albatrosses have 
an eastward and westward exodus-migration as well as a 
northern one, the two movements covering the North Pacific 
area above the Tropic of Cancer. In the Southern Hemisphere 
the general dispersion of Wandering Albatrosses furnishes 
somewhat of a parallel. 

Remote Cause of Migration 

Bewildered by the varied migratory movements, the mind 
is prone to create complications where none exist, and to lose 
sight of the fact that in each bird, migration is simply an 
exodus, followed by a return movement to breeding grounds. 
Migration in one hemisphere is a complement of migration in 
the other. Exodus-migration in Southern Hemisphere species 
and return-migration in Northern Hemisphere ones adjust the 
bird population of the world to southern winter and northern 
summer, and exodus-migration in Northern Hemisphere 
species and return-migration in Southern Hemisphere ones 
adjust the bird population to northern winter and southern 
summer. 

The diversity of the migratory movements evidences that 
the adjustment of the bird population to the seasons was 
brought about under stress during a long period of time, the 
movements in each species being the outcome of a prolonged 
struggle. Even in the present age the adjustment sometimes; 
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fails. An extraordinary cold wave in a warm temperate region 
causes great destruction of bird life, suddenly contracting the 
food area to a degree unprovided for in the ordinary course of 
migration. 1 

In brief, it is maintained that bird migration is the adjust- 
ment of the bird population of the world to the seasons, and 
that with the unfolding of the seasons came the unfolding of 
bird migration, the evolution of the seasons being the remote 
cause of bird migration. 2 

Immediate Cause of Migration 
Food 

Immediate failure of food plays an important part in the 
supplemental movements of exodus-migration. 3 These move- 
ments may be due to absolute shortage in the food store in the 
usual winter quarters, or they may be due to the normal fluc- 
tuations of the snow and ice line in the territory where winter 
and summer contend for the mastery, covering up the food- 
supply of birds that habitually feed on the ground or in the 
water, forcing them to retreat to a warmer area and to abide 
there until the snow and ice recede. 4 

The northward migration of Black-vented Shearwaters, 
after breeding in the subtropics, can not be attributed to 
immediate failure of food, for species of similar feeding habits, 
like Townsend's Shearwater and the Wedge-tailed Shear- 
water, find abundant food in the ocean area deserted by the 
Black-vented Shearwaters. Neither is the tropical migration 
of the Least Petrel to be explained on the score of immediate 
failure in the food-supply. 

Long ago, Gilbert White commented on the early exodus- 
migration in warm temperate regions. In the letter on the 
Swift, addressed to Daines Barrington, he says: “But in 

nothing are swifts more singular than in their early retreat. 
They retire, as to the main body of thetrf, by the 10th of 

1 Cf. Wayne, Auk, v. 16, pp. 197, 198; Clarke, Studies in Bird Migration, v. 1, 
p. 167. 

2 Season is here used in an historical and not in an astronomical sense. A glacial 
period would be a phase of the evolution of the seasons. 

3 Variability in abundance due to deflection in the fly-lines of species that form 
colonies or are restricted in their distribution to small island-like areas is not to be 
confounded with supplemental migration — cf. Auk, v. 11, pp. 33-39. 

4 Cold has not been emphasized as a factor in supplemental migration, for the 
species involved apparently thrive in spite of cold if proper food is plentiful. 
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August, and sometimes a few days sooner ; and every straggler 
invariably withdraws by the 20th: while their congeners, all 
of them, stay till the beginning of October, many of them all 
through that month, and some occasionally to the beginning 
of November. This early retreat is mysterious and wonderful, 
since that time is often the sweetest season in the year. But, 
what is more extraordinary, they begin to retire still earlier in 
the more southerly parts of Andalusia, where they can be 
nowise influenced by any defect of heat, or, as one might sup- 
pose, defect of food. Are they regulated in their motions 
with us by a failure of food, or by a propensity to moulting, or 
by a disposition to rest after so rapid a life, or by what? This 
is one of those incidents in natural history that not only baffles 
our researches, but almost eludes our guesses!” 1 

In the Western Hemisphere, Cooper’s Shearwater of the 
Eastern Pacific, the Scarlet Tyrant of Argentina, 2 and the 
Louisiana Water-Thrush of the South Carolina highlands 3 are 
typical examples of this early exodus-migration. 

Immediate failure of food is obviously not the cause of early 
exodus-migration in warm temperate regions, for in the later 
movements in these regions the transients from higher lati- 
tudes, in certain species, far outnumber the breeding represent- 
atives that had previously taken their departure, evincing that 
the food-supply had suffered no diminution. In resident 
species, the replacing of the breeding birds of a locality by 
individuals of the same species from higher life zones bears 
directly upon this point. 

In the return-migration, it is also apparent that immediate 
failure of food is not the cause of the evacuation of the warmer 
areas of either hemisphere. Sooty Shearwaters might linger 
in force in the North Temperate Zone with the Black-vented 
Shearwaters if present supply of food alone was concerned. 4 

Viewed in the light of the foregoing facts, it is evident that 
failure of food is not the immediate cause of a large part of 
migration. 

1 In this relation, see migration reports Bull. Brit. Orn. Club on the early exodus 
movements of the Swift. 

2 Cf. Hudson, Argentine Ornithology, v. 1, p. 154. 

3 Auk, v. 9, p. 34. 

4 It is sometimes urged as a cause of return-migration that a special food is re- 
quired for nestlings, which can be obtained only at the breeding stations. The fallacy 
of this argument is particularly obvious when applied to transequatorial migration. 
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Inheritance 

In the attempts to explain bird migration, inheritance has 
often been made to bear the whole burden of the matter. It 
has even been held that young birds but a few weeks from the 
nest possess faculties that enable them, without the guidance 
of their seniors, to perform journeys to definite destinations, in 
some instances thousands of miles distant. This belief arose 
from a partial knowledge of the facts of migration, like the 
belief in transformation and hibernation 1 at an earlier period ; 
it was assumed that the young weak-winged birds that drop 
out of the ranks migrate alone, arrested migration thus being- 
mistaken for migration. Even at this late day, the magic 
words, sense of direction, instinct, “inherited but unconscious 
experience,” linger in the literature as answers to the ques- 
tions : How, and why do birds migrate ? 

The novel experiments of Dr. John B. Watson with Noddy 
and Sooty Terns at the Dry Tortugas here demand attention. 
Dr. Watson sums up the results of his experiments as follows : 
“I think that these tests are significant. The return from Cape 
Hatteras is really startling. Cape Hatteras is hundreds of 
miles outside the range of distribution of the noddy and sooty 
terns. If my statement that the birds rarely leave the islands 
for distances greater than 15 knots for purposes of feeding 
corresponds with the facts, it becomes extremely improbable 
that they could have formed visual associations throughout 
such a vast territory as that described in these experiments. 
While these experiments are not in any way crucial, the facts 
obtained from them are extremely difficult for current theories 
of distant orientation to explain/' 2 

In penning this paragraph Dr. Watson evidently lost sight 
of a preceding paragraph in his paper, in which he says : 
“Nearly all of the statements concerning the habits of these 
birds, like my own, refer to the nesting season. So far as I 
know to the contrary, almost nothing is known of their life 
outside of this period. Many of the reactions during the nest- 
ing season could be understood more easily if we knew the 
complete history of their life-cycle." 3 

1 Curiously enough, this old belief has recently been given credence; cf. Condor, 
1917, pp. 7, 8, 26. 

2 Pap. Tort. Lab. Carn. Inst. Wash., 1908, v. 2, p. 230. 

3 L. c., p. 191. 



28 



CALIFORNIA ACADEMY OF SCIENCES 



[Proc. 4th Ser. 



As is well known to the student of migration, water birds 
nesting in the Tropics and subtropics are inclined after breed- 
ing to invade outlying areas higher in latitude. Examples in 
other groups than the albatrosses and petrels are found in 
Xantus’s Murrelet, Heermann’s Gull, Elegant Tern, and Cali- 
fornia Brown Pelican. The Sooty Tern has even wandered 
as far north as Maine. With the North American Continent 
on the west and the Gulf Stream with its varied phenomena on 
the east, it would be no great feat for a Sooty Tern to wing its 
way over familiar waters intervening between Cape Hatteras 
and the nesting station on the Dry Tortugas. 

Since the above was written, Dr. Watson has published an- 
other extended paper on the homing of Noddy and Sooty 
Terns of the Dry Tortugas . 1 As in his first paper, his conclu- 
sions are reached without definite data concerning the distribu- 
tion and movements of these terns after the breeding season, 
and without any data whatsoever concerning the route fol- 
lowed by the captive birds after their liberation at various 
remote points on the Gulf of Mexico. The birds were liberated, 
and some of them arrived at their breeding station. Between 
these two events no observations were made, and therefore it 
was not determined what did, or did not, guide the birds in 
their return passage. The coast-line, the Gulf Stream, the 
great volume of fresh water that pours into the Gulf of Mexico 
from the Mississippi and other rivers, the temperature of the 
surface water inshore and offshore, the trade-winds, and the 
land- and sea-breezes are a part of the every day life of birds 
frequenting the Gulf of Mexico, and there is no evidence that 
these physical phenomena do not direct the birds in their local 
and migratory movements. Observance of birds actually 
migrating is the real key to how birds find their way. 

The evidence does not warrant the assumption that migra- 
tory birds are endowed with extraordinary faculties. The 
facts show that birds possess in an eminent degree the faculty 
to remember places and direction, that they have great visual 
powers, and that they keenly sense slight differences in tem- 
perature, and that migratory birds probably have in addition 
to these heritages an innate desire for travel ( wanderlust ). 2 

'Pap. Dept. Mar. Biol. Cam. Inst. Wash., 1915, v. 7 , pp. 5-60. 

See Proc. Calif. Acad. Sci., 2d ser., v. 6, p. 13, footnote; 3d ser., Zool., v. 2, 
p. 315. * 
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Thus equipped, a young Black-vented Shearwater reared on 
Natividad Island, Lower California, would have to learn when 
and where to go if he took part in the exodus-migration lead- 
ing northward to the latitude of Vancouver Island, British 
Columbia. Return-migration would be a simpler task, for the 
young shearwater would have less to learn. 

Some writers, clouding the issue, have separated return- 
migration from exodus-migration, and have held that desire 
for procreation and special physiological demands as to tem- 
perature during reproduction are paramount causes. Desire 
for procreation does not prompt sedentary species to migra- 
tion; nor does a waning desire prompt birds-of-the-year to 
exodus-migration; nor do special temperature requirements 
prompt the transequatorial migrants that leave regions having 
a temperature similar to the temperature at the breeding sta- 
tions. Above and behind the alleged physiological incentives 
are paramount causes. Without previous experience, the young 
Sooty Shearwater performs an exodus-migration to the North 
Temperate Zone and a return-migration to the South Temper- 
ate Zone. 

It is not in return-migration, but in exodus-migration in a 
direction opposite to the Equator, in early exodus-migration in 
warm temperate regions, and in transequatorial migration that 
we find the supreme test for all explanations of the cause of 
bird migration. 



Education 

Guidance by Old Birds . — Arrested migration has been the 
chief stumbling-block in the way of philosophers who have 
sought to interpret bird migration. Most reports on migration 
relate not to migrating birds, but to birds that have halted by 
the way. No real conception of migratory movements can be 
gained unless the birds are observed actually in transitu . View- 
ing arrested exodus-migration from very different bird-watch- 
ing stations, some have reached the conclusion that the young- 
of-the-year migrate earlier than the adults, and others that the 
adults migrate earlier than the young-of-the-year. 1 When 

1 Cf . Gatke, Heligoland as an Ornithological Observatory, 1895, p. 102; Stone, 
Proc. Acad. Nat. Sci. Phila., 1896, p. 110; Dwight, Ann. N. Y. Acad. Sci., 1900, 
v. 13, pp. 127, 129; Clarke, Studies in Bird Migration, 1912, v. 1, pp. 26, 142, 196, 
308, v. 2, p. 55. 
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migration is studied on the ocean, the cause of these diamet- 
rically opposite conclusions is apparent, for upon the ocean the 
veil is removed and birds are seen in the act of migrating . 1 
Extensive migratory movements of old and young birds occur 
in broad daylight at a slight elevation above the surface of the 
water. Young birds, weak of wing, drop out of such move- 
ments in the exodus-migration, and are often the first birds 
seen by the observer stationed on or near the land, the offshore 
flights wholly escaping notice. It is held, therefore, that the 
preponderance of young-of-the-year, early or late in the exo- 
dus-migration, merely evidences that they have stopped by the 
way, and will later join experienced travelers and resume the 
journey . 2 

Guidance by Physical Phenomena . — The series of observa- 
tions made by myself on the ocean in the vicinity of Point 
Pinos, California, demonstrate that the shearwaters passing 
that headland in the return-migration are guided in their 
course by the landmarks . 3 Repeated observations showed that 
the low fogs deflected their migratory movements toward the 
land, and when the land as well as the sea was hidden by the 
fog the migratory hosts became bewildered and lost their way, 
and when the fog lifted and the landmarks became visible 
again they immediately resumed their journey, manifesting that 
they were not endowed with a mysterious sense of direction, 
but were dependent upon physical phenomena for guidance . 4 
The last link in the chain of evidence proving guidance by 
physical phenomena will be forged when return-migration to 
breeding stations on islands remote from continents has been 
studied by a trained student of migration. In the meantime 
there is no valid justification for lapsing into superstition 
under the guise of science. We know that the oceans have 
areas of abundant food where birds are numerous and areas 

, 1 See my migration papers in Proc. Calif. Acad. Sci.; cf. Clarke, Studies in Bird 
Migration, v. 2, pp. 6, 11-15; Patten, Zoologist, 1913, pp. 389, 190. 

2 It should be borne in mind that the latitudinal limit of the range of a species 
is not necessarily the longitudinal limit of its fly-line, and that the mere presence 
of the young near the upper limit of the breeding range is far from being conclusive 
proof that the young were reared in the locality. 

3 Consult my detailed account, Proc. Calif. Acad. Sci., 3d ser., Zool., v. 2, par- 
ticularly pp. 281, 284, 285, 307-309. 

4 In the vicinage of Point Pinos, breeding cormorants, fishing offshore, had no 
difficulty in finding their way through the fog back to their rookeries, nor did my 
boatman experience any difficulty in finding his way through the fog from the ocean 
to Monterey; both had kept their bearings. The shearwaters migrating down the 
coast,, however, had no opportunity of determining their position by local landmarks, 
and in consequence lost their way. In this connection, see Cooke, Bull. No. 185, 
U. S. Dept. Agric., pp. 27-29. 
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where food is wanting and birds absent, and we know that 
there are prevailing ocean and air currents. It is in these cur- 
rents, I believe, that we shall find the chief physical phenomena 
guiding birds in their return-migration to islands remote from 
continental areas, on the ocean prevailing water and air con- 
ditions supplementing landmarks. It is a significant fact that 
the southern limit of the Black-footed Albatross’s range coin- 
cides well with the northern limits of the northeast trade- 
winds . 1 

In accordance with the facts set forth above, it is asserted 
that the example 2 of the adults would suffice to teach the way 
to a young Black-vented Shearwater, or Black-footed Alba- 
tross, imbued with a desire for travel and keenly alive to 
physical phenomena; migration being the result of individual 
experience, at most only the tendency to migration being inher- 
ited. 



Habit 

After the way had been learned by the bird-of-the-year and 
a probable innate desire for travel had developed into migra- 
tion, the habit of migration would be formed and become sec- 
ond nature in each bird, holding it true to time and place. 

The force of habit is thus succinctly stated by Dr. C. Lloyd 
Morgan : “In its early days the developing animal is reading 

the paragraph of life. Every sentence mastered is built into 
the tissue of experience, and leaves its impress on the plastic, 
yet retentive brain. By dint of repetition, the results of acqui- 
sition become more and more firmly ingrained. Habits are 
generated; and habit becomes second nature. The organism 
which to begin with was a creature of congenital impulse and 
reaction becomes more and more a creature of acquired habits. 
It is a new being, but one with needs not less imperious than 
those with which it was congenitally endowed .” 3 



1 See part VI, also Barrett-Hamilton, Ibis, 1903, p. 320, and Salvin, Voy. Chall., 
Zool., v. 2, pt. 8, p. 147. 

Furthermore, winds prevailing for the time being may afford a means of guidance 
to low-flying migrants journeying across narrow seas; cf. Clarke, Studies in Bird 
Migration, v. 1, pp. 172, 173, 176-178, v. 2, pp. 12, 28, 29. 

2 In some instances, at least, direct leadership seems to be exercised. In a former 
paper (Proc. Calif. Acad. Sci., 2d ser., v. 5, p. 198) I cited an instance where a 
Sooty Shearwater apparently ordered a flank movement in a whole column of Sooty 
Shearwaters. The intelligence of migrants, I believe, is generally . much underrated; 
in supplemental movements, at least, there appears to be an appreciation of the necessity 
for migration. 

s Nature, 1898, v. 57, p. 329. 
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Summary of Conclusions 

It is maintained: 

1. That bird migration had its origin in the evolution of 
the seasons, and that it is now the adjustment of the bird popu- 
lation of the world to the seasons. 

2. That a large part of migration occurs independently of 
an immediate failure of food ; that inheritance involves at most 
an innate desire for travel ; that the young learn to migrate 
through the example of the adults ; that the adults are guided 
by physical phenomena over areas that experience has ren- 
dered familiar; that migration in its finality becomes in each 
bird an impelling habit : therefore , a bird that has passed the 
stage of dependency migrates because it was born of a race of 
migrants , and has followed the example of its elders until 
migration has become second nature. 

In short, it is contended that the causes of bird migration are 
ascertainable facts and not impenetrable mysteries lying be- 
yond the domain of scientific enquiry. 
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IV 

VARIATION 

Age and Seasonal Variation 

Natal Down. — Mr. Pvcraft has described at some length 
the double natal down occurring in the Tubinares . 1 He desig- 
nates the outer segment the protoptyle generation and the 
inner segment the mesoptyle generation. As alternative names, 
I suggest primary natal down and secondary natal down. The 
following diagram emphasizes these distinctions: 

( Primary natal down or protoptyles 
Natal down or neossoptyles ] 

( Secondary natal down or mesoptyles 

The specimens in double natal down examined by me belong 
to fifteen species, namely, Black-footed Albatross, Galapagos 
Albatross, Laysan Albatross, White-breasted Petrel, , Sunday 
Island Petrel, Black-vented Shearwater, Townsend's Shear- 
water, Dusky Shearwater, Guadalupe Petrel, Harcourt's 
Petrel, Leach's Petrel, Ashy Petrel, Black Petrel, Fork-tailed 
Petrel, Garnot's Diving Petrel. 

Mr. Pycraft's statement that it is extremely difficult to dis- 
tinguish the two generations of natal down in the albatrosses 2 
is not corroborated in the three albatrosses mentioned above, 
the generations being well defined in each of them. 

If the primary and secondary natal down are not concolor, 
the wearing off of the primary natal down changes the color 
aspect of the nestling. 

Postnatal Plumages . — In certain species of Tubinares the 
juvenal plumage 3 is similar in color to the adult one, as in the 
Sunday Island Petrel; in certain other species the color of 
these plumages differs widely, as in the Short-tailed Albatross. 
Much remains to be learned in this group respecting the stages 
of plumage in the progress to maturity. 

Moult . — So far as I am aware, the moult of the Tubinares 
has received but casual attention from ornithologists, Dr. 
Dwight, the leading American authority on the moult of birds, 
and other moult specialists having confined their investigations 



1 Godman’s Mon. Petrels, pp. xvii, xviii. 

2 Godman’s Mon. Petrels, p. xviii. 

3 In part, I have followed Dr. Dwight’s terminology of plumages and moults. 
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to different orders. In the preparation of part VI of the pres- 
ent paper, I have studied the moult in over two thousand speci- 
mens of albatrosses and petrels. This series, however, was 
collected without reference to moult, and in consequence is 
deficient in many respects. Specimens taken from day to day 
and studied in the flesh would have yielded far better results. 

In some species at least, the postnuptial moult of the Tubi- 
nares begins before the birds leave their nesting grounds, as 
in the Galapagos Albatross and Townsend’s Shearwater. Of 
the duration of this moult in individuals, I have no definite 
information, but in certain species, as in the Sooty Shearwater, 
I have found it protracted over most, if not all, of the year. 
Throughout its course very different stages are manifested in 
specimens of the same species taken on the same day. This 
diversity is accounted for in part by the fact that the individ- 
uals of Tubinarine species differ to a greater or less extent in 
the time of their breeding, even in temperate regions. As no 
two birds are exactly alike, it is self-evident that moulting in 
any species must vary more or less in different individuals 
independent of their age, the state of their health, or the time 
of their breeding. 

Owing to the protraction of the postnuptial moult period, I 
have been unable to determine positively from the material at 
my command whether there occurs or not a limited prenuptial 
or a deferred limited postjuvenal moult. It is apparent that 
the Tubinares offer a most inviting field for moult study. 

Wear of Plumage . — The changes wrought by fading and 
abrasion are so great in the Tubinares that the descriptions of 
certain species are incomplete unless they describe both worn 
and fresh plumages. Through wear, deep brown becomes 
decidedly paler, as in the Antarctic Fulmar 1 ; dark gray browns, 
as in the Sooty Shearwater; washing or frosting vanishes, 
unvailing a darker color, as in Cook’s Petrel ; blooms fade, as 
in the storm petrels; light tips are lost, causing uniformity in 
coloration, as in the Mottled Petrel ; dark tips disappear, some- 
times exposing basal white and enlarging white areas, as in 
the Black-footed Albatross. Even before the postnuptial moult 
ends, the destructive changes in the new plumage are apparent, 
as in Cooper’s Shearwater. Obviously, specimens taken at 



1 Wilson, Nat. Antarct. Exp., N. H., v. 2, Aves, p. 83. 
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breeding stations can not be relied upon implicitly to furnish 
typical examples of geographic or other variations in color. 

Bill . — There is considerable variation in the size and pro- 
portions of the bill in certain species of Tubinares. In part it 
appears to be caused by age, as in the Black-footed Albatross 
and Short-tailed Albatross. Whether the bill variations in the 
breeding specimens of the Galapagos Albatross, described in 
part VI, are due to age or to individual variation is not clear. 
The color of the bill, too, varies with age in some species. Our 
knowledge on this point, however, is very deficient, and in- 
formation regarding it is greatly to be desired, especially in the 
genus Thalassarche . 

Sexual and Individual Variation 

The sexes in the Tubinares are alike in the color of their 
plumage, so far as I have ascertained, but differ in certain 
species in size ; for example, the dimensions of the females aver- 
age somewhat less than those of the males in the Black-footed 
Albatross, Short-tailed Albatross, and Fulmar. 

In parts V and VI numerous instances of apparent individ- 
ual variation in the color, form, and size of the Tubinares are 
commented upon. The variation in size is so great that many 
species overlap in their dimensions. A specially notable exam- 
ple of variation in form occurs in Cooper's Shearwater; the 
tarsus is not invariably compressed and sharp in front, an 
alleged generic character thus proving inconstant. A common 
variation in color is the intrusion of white in dark areas and 
of a dark color in white areas. 

In some cases, owing to lack of proper specimens, I am un- 
able to distinguish individual from dichromatic and age varia- 
tion, as in the extension of the color of the sides of the neck 
across the jugulum in numerous specimens of the Dark-rumped 
Petrel and in the variability in the relative length of the first 
primary in the Christmas Island Shearwater. Because of the 
difficulty in determining maturity, it is a question whether age 
variation in birds is not sometimes mistaken for individual 
variation. 

As shown in the subjoined table, supernumerary rectrices 
are perhaps not so exceptional as to justify their classification 
under abnormal instead of individual variation. 
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No. 


Sex 


Species 


No. of Rec trices 


C. A. S. 








1288 


d 1 


Diomedea nigripes 


Fourteen 


1237 


9 


Diomedea irrorata 


Thirteen 


1003 


& 


Pterodroma phaopygia 


Thirteen 


1004 


& 


Fourteen 


1138 


& 


Pterodroma inexpectata 


Thirteen 


9308 


& 


Puffinus creatopus 


Thirteen 


854 


& 


Puffinus obscurus 


Fourteen 


9577 ' 


& 


Puffinus griseus 


Thirteen 


9743 


& 


Puffinus tenuirostris 


Fourteen 


Univ. Calif. 






18682 


d 1 


Puffinus bulleri 


Fourteen 


18685 


cf 


<< << 


Thirteen 



Dichromatism 

Dual coloration is a dominant condition in many Tubinares. 
In the nestling of the Galapagos Albatross (see plates 9, 10, 11 
and description in part VI), in the Giant Fulmar, Fulmar, 
Short-footed Petrel, Neglected Petrel, and Wedge-tailed 
Shearwater the bicoloration has been proven to be dichro- 
matic. In the following species, dwelt upon at length in parts 
V and VI, the character of the variation remains to be fully 
determined: Wandering Albatross, Sooty Albatross, Cape 
Petrel, Dark-rumped Petrel, Downy Petrel, Cooper’s Shear- 
water, Manx Shearwater, Black-vented Shearwater, Forster’s 
Shearwater, Dusky Shearwater, Sooty Shearwater, Slender- 
billed Shearwater, Leach’s Petrel (including “Kaeding’s” and 
“Socorro” petrels), White-bellied Petrel, and Diving Petrel. 
The status of the Caribbean Petrel is also in question. 

Long ago it was pointed out by Dr. Stejneger 1 that there 
exists a difference in the geographic range of the light and 
dark phases of the Fulmar during the breeding season. There 
is also a geographic distribution in the phases of the Wedge- 
tailed Shearwater. In the Hawaiian Archipelago the light 
phase prevails almost exclusively, but on San Benedicto Island, 
Revilla Gigedo Group, only a minority are of the light phase. 
The light phase of the Red-footed Booby, on the contrary, is 
the dominant form in the Revilla Gigedo Group, and on the 
Galapagos Islands the dark phase is in the ascendency. Fur- 



1 Bull. U. S. Nat. Mus. No. 29, 1885, p. 93. 
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thermore, the Wedge-tailed Shearwater appears to be repre- 
sented only by the dark phase on the Kermadec Islands. 
According to Dr. Edward A. Wilson, the percentage of Giant 
Fulmars of the light phase increases with the latitude, the 
greatest number being observed where the ice conditions are 
persistent. 1 It is evident that the geographic distribution of 
the light and dark phases of the Tubinares is independent of 
climatic conditions. 

In part VI I have described an instance of complete mela- 
nism in the Black-vented Shearwater. This specimen and 
extreme white specimens of the same species have an appear- 
ance similar to that of the light and dark phases of the Wedge- 
tailed Shearwater (plates 15, 17). If such sporadic melanism, 
through the virility of an individual, persisted on an island, at 
the outset there might be a melanism restricted to relatively 
few individuals, as in the dichromatism of the Wedge-tailed 
Shearwater in the Hawaiian Archipelago. Later, if the mela- 
nistic phase largely swamped the light phase, the result might 
be as in the Wedge-tailed Shearwater on San Benedicto 
Island. Ultimately, if the melanistic phase supplanted the 
light phase, the situation might be like that in the Wedge- 
tailed Shearwater on the Kermadec Islands. In brief, if 
sporadic melanism became an inherited character, there would 
result a persistent melanism, or dichromatism. 



Geographic Variation 

The isolation of the Tubinares at the breeding stations favors 
colony peculiarities; for example, in the dark phase of the 
Wedge-tailed Shearwater breeding on the Kermadec Islands 
the bill is generally grosser than in the dark phase of this 
species breeding on San Benedicto Island, Revilla Gigedo 
Group. According to the tables of measurements in part VI, 
the “Socorro Petrels” of the Los Coronados Islands, Lower 
California, average greater in their dimensions than the 
“Socorro Petrels” of the San Benito Islands, about 250 nauti- 
cal miles to the southward. In the shearwater, and perhaps in 
the storm petrel, the geographic variation is overshadowed by 
dichromatic variation. The Dark-rumped Petrel in the Gala- 



3 Nat. Antarct. Exp., N. H., v. 2, Aves, p. 96. 
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pagos and Hawaiian archipelagoes apparently exemplifies 
geographic variation in both color and size. As of other vari- 
ations in the Tubinares, our knowledge of geographic vari- 
ation is far from being complete, and all the facts respecting 
its extent will not be known until series of specimens from all 
the breeding stations of each species have been thoroughly 
studied. 

Recent systematists appear to be unaware of the wide range 
of variation existing in the species of the Tubinares and have 
considerably augmented the synonymy of the group by mistak- 
ing unstable for stable characters. 
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V 

CLASSIFICATION AND NOMENCLATURE 
* General Observations 

Species . — Bird species are realities, not concepts, and their 
identification is not in any way dependent upon a knowledge 
of their distribution. A bird species presents a peculiar as- 
semblage of characters that separates it from all other bird 
species as absolutely as one island is separated from all other 
islands. A bird species may vary but little, as the Laysan 
Albatross, or it may have a wide range of variation, as the 
Wedge-tailed Shearwater; for it is not degree of variation, 
but absence of intergradation that gives specific - value to 
characters. 

Groups of Species . — In nature, groups of bird species 
abound, but there is not sufficient coordination among them 
to permit any arrangement that is not largely arbitrary. 
Under such conditions, it is not surprising that systems have 
multiplied, and that there exists to-day much diversity of 
opinion respecting taxonomic values. These points are well 
illustrated in the following schemes of classification of the 
albatrosses, petrels, and diving petrels: 



Mr. Evans ( Cambridge Natural History , Vol. IX; essentially 
Dr. Gadow’s Scheme in Bronn’s Thier-Reiclis ) 



{ Diomedeinse 

^ocellariinse 

Pelecanaidinse 



Mr. Salvin (Monographs of Mr. Salvin and Dr. Godman) 



Procellariidse 



Order Tubinares 



Puffinidse 



S Procellariinae 
( Oceanitinse 

\ Puffininse 
( Fulmar inse 



Pelecanoididse 



..Diomedeidse 
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Dr. Coues (Auk, 1897, p. 314) 
Diomedeidse 



Order Tubinares 



Procellariidae 



Fulmarinse 

Puffininje 

Procellariinae 

Oceanitinae 



[ =Thalassidrominae] 



Pelecanoididae 



Dr. Coues’s classification of these higher groups appears to 
me to be the most satisfactory, and I have therefore adopted 
it in the present paper. It is well to recall that Dr. Schlegel 
treated 1 the albatrosses, petrels, and diving petrels as three 
genera, designating them respectively, Diomedea , Procellaria , 
and Halodroma. 

In genera, I have followed, with one exception ( Thala-sso - 
geron), the conventional genera of the monographs of Mr. 
Salvin and Dr. Godman. I feel, however, that too many have 
been recognized, especially monotypic ones founded on minor 
structural characters of species. Subgenera are given no place 
whatsoever. Where convenience ceases in a classification that 
is largely arbitrary, it is maintained that no vantage ground 
is gained by burdening the memory with a multitude of minor 
divisions and subdivisions. 

While I believe that both superficial and deep-seated charac- 
ters should be utilized in the definition of higher bird groups, 
I heartily agree with Dr. Reichenow 2 that the genealogy of 
birds is a subject to be considered apart from bird classi- 
fication. 

The Subspecies Question . — In theory, subspecies are incip- 
ient species; in fact, subspecies are attempts to forecast the 
future of geographic variation, which no one can foresee. 
Naturally, much difference of opinion has arisen in the appli- 
cation of the subspecies theory. Some ornithologists would 
differentiate all discernible geographic variation into sub- 
species; others would make selections and have “practical 
subspecies.” Under the first method the separations become 
so fine that even typical examples can scarcely be determined. 

1 Mus. Pays-Bas, v. 6, Procell., 1863, pp. 39, 40. 

2 Die Vogel, v. 1. 
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Under the second method the separations rest largely on the 
shifting sands of individual opinion. It is obvious that the 
subspecies theory has complicated, not simplified, the study of 
birds. Nevertheless, the theory has served a highly useful 
purpose; it has revealed to ornithologists geographic varia- 
tion, which is a variation within the limits of the species. In 
the present paper geographic variation is considered in con- 
nection with the other variations of species, the subspecies 
theory being discarded as a theory that has outlived its use- 
fulness . 1 



Systematic Account 

In the succeeding pages the sequence of the species has 
been considerably changed from that followed by Mr. Salvin 
and Dr. Godman in their monographs, but it still remains 
largely provisional. Departures have also been made from 
the nomenclature employed by these authors, particularly in 
names where the law of priority was not enforced. Further- 
more, numerous names of supposed species recognized by Dr. 
Godman have been consigned to synonymy. In certain doubt- 
ful cases, names have been put in limbo with a query, as the 
surest means of hastening a final decision as to their standing. 

In the analytical keys to the species I have employed struc- 
tural characters wherever available, thus avoiding repetition 
by eliminating color variations. I am reminded by long ex- 
perience as a student of ornithology that artificial keys to 
birds often fail to unlock. Much care has been bestowed on 
the present keys, but in some of the species I have been ham- 
pered in the determination of distinguishing characters by 
lack of specimens; in consequence the keys must be regarded, 
in a measure, as tentative. 

In part VI will be found the synonymy and comments on 
nomenclature of the species that are mentioned only by name 
in the present part. The synonymy relates to the monographs 
of Dr. Coues, Mr. Salvin, and Dr. Godman. 

With the exception of the few diving petrels, all of the 
specimens were measured by Mr. Edward Winslow Gifford. 
The method of measurement is described in detail in the fore- 
word of part VI. 



1 Cf. Auk, 1903, v. 20, pp. 294-299. 



42 



CALIFORNIA ACADEMY OF SCIENCES 



[Proc. 4th Ser. 



TUBINARES : Tube-nosed Swimmers 

Key to the Families 



Nasal tubes not united, separated by culmen Diomedeidae 

Nasal tubes united, not separated by culmen 

Tubes horizontal, or nearly so Procell ariidae 

Tubes vertical Pelecanoididae 



DIOMEDEIDiE : Albatrosses 
Key to the Species 

Tail rounded and ramicorn without longitudinal groove 

Latericorn not decidedly widest at base and upper mandible not com- 
pressed at base 

Feathers at base of lower mandible extending beyond base of nasal 

tubes Diomedea exulans 

Feathers at base of lower mandible not extending beyond base of 

nasal tubes 
Cervix dark 

Bill dark D. nigripes 

Bill light D. albatrus (young) 

Cervix not dark, being yellow, or white more or less tinged with 
yellow 

Lores not dark 

Breast and abdomen white D. albatrus (old) 

Breast and abdomen closely vermiculated with gray or brown 

and white D . irrorata 

Lores dark 

Lower parts white D. immutabilis 

Latericorn decidedly widest at base and upper mandible compressed 
at base 

Culminicorn and latericorn not separated basally by 

membrane Thalassarche melanophris 

Culminicorn and latericorn separated basally by membrane 
Basal width of latericorn less than one and a half times basal 

width of culminicorn T. butleri 

Basal width of latericorn more than one and a half times basal 
width of culminicorn 
Culminicorn rounded basally 

Latericorn light T. cauta 

Latericorn dark T. culminata 

Culminicorn pointed basally T. chlororhynchos 

Tail wedge-shaped and ramicorn with longitudinal groove 

Phcebetria palpebrata 



Diomedea exulans Linnmis: Wandering Albatross 

Coues — Diomedea exulans , V, 175, 187. 

Salvin — Diomedea exulans , 440, 441 ; Diomedea regia, 440,443 ; Diome- 
dea chionoptera, 440, 443. 

Godman — Diomedea exulans, liii, 309, pi. 89; Diomedea regia, liii, 319, 
pi. 90; Diomedea chionoptera, liii, 322, pi. 91. 

Mr. Salvin has interpreted an extreme white phase, long 
attributed to Diomedea exulans , to be an undescribed species, 



